Abstract
Introduction
Annually from 2006 through 2010, excessive alcohol consumption was responsible for approximately 4,300 deaths and 260,000 years of potential life lost in the United States among people younger than 21 years (1). In 2006, underage drinking cost the United States approximately $24.6 billion (2). More than 90% of the alcohol consumed by underage drinkers occurs during binge drinking episodes (3) . Underage drinking is also associated with many health and social consequences, such as poor academic performance, interpersonal violence, injuries, risky sexual behavior, and unplanned pregnancies (4) (5) (6) . Alcohol consumption by youth is also strongly correlated with alcohol consumption by adults at the state level (7) , and youth often obtain the alcohol they consume from adults (8).
Recent studies identified liquor (eg, vodka, rum, scotch, bourbon, whiskey) as the usual type of alcohol consumed by high school students (9-13). Students who reported usually consuming liquor were also more likely to report frequent alcohol consumption and binge drinking than students who reported consuming other types of alcoholic beverages (11). However, limited information is available on the type of liquor that is consumed by underage youth and whether specific types of alcohol are more likely to be mixed with other types of beverages, such as energy drinks (eg, Monster, Red Bull). Understanding the type of alcohol usually consumed by youth is important for developing and targeting interventions to prevent underage and binge drinking, because alcohol control policies (eg, alcohol taxes) and alcohol advertising vary by beverage type (9,10). In addition, previous studies suggested that youth who mix alcohol with energy drinks are more likely to binge drink, consume more total drinks, have higher levels of alcohol intoxication, and experience alcohol-attributable harms (eg, sexual assault) than those who do not mix energy drinks with alcohol (14,15).
As part of its efforts to reduce underage drinking, the Michigan Department of Health and Human Services added supplemental questions on alcohol to its 2011 Youth Tobacco Survey. The purpose of this study was to use these survey findings to assess the type of alcoholic beverage (eg, beer, wine, liquor) usually consumed by Michigan high school students, the type of liquor consumed by students who drank liquor, the prevalence of mixing alcohol with energy drinks, and how these drinking behaviors varied by the demographic characteristics and drinking patterns (eg, binge drinking) of these students.
Methods
The Michigan Youth Tobacco Survey (Michigan YTS) is a school-based survey of a random sample of public-school students in grades 9 through 12. Students surveyed complete an anonymous, self-administered questionnaire that consists of questions on tobacco use and on various environmental factors related to tobacco use, such as access to tobacco products in retail settings. In 2011, 4,142 Michigan high school students from 42 schools completed the Michigan YTS. The school response rate was 68%, the student response rate was 93%, and the overall response rate was 63%. Data were weighted by school, student nonresponse, and selected demographic characteristics (ie, the sex, race/ethnicity, and grade of students). Because the Michigan YTS is an established public health surveillance system, it does not require review of the Michigan Department of Health and Human Services Institutional Review Board.
To assess beverage-specific alcohol consumption by youth, 11 state-added questions on alcohol consumption were included in the 2011 Michigan YTS. These questions were developed in collaboration with the Excessive Alcohol Use Prevention Program of the National Center for Chronic Disease Prevention and Health Promotion at the Centers for Disease Control and Prevention, the Center on Alcohol Marketing and Youth at the Johns Hopkins Bloomberg School of Public Health, the Michigan Liquor Control Commission, and other experts in alcohol and public health. The questions added were based on questions that were used in other surveys, such as the Youth Risk Behavior Survey and a panel survey of beverage-specific alcohol consumption (12). Students were asked about their 30-day consumption of alcohol; binge drinking; the largest number of drinks consumed on any occasion; the usual type of alcohol consumed (ie, students could select one alcoholic beverage type that they usually consumed in the past 30 days); the usual type of liquor consumed; the usual brand of liquor, beer, or flavored alcoholic beverage consumed; how frequently they mixed alcohol with energy drinks; their usual drinking location; and various direct consequences that could have resulted from alcohol consumption (eg, getting into a fight, riding with a driver who had been drinking).
Current drinkers were defined as students who reported consuming at least 1 alcoholic drink in the 30 days before survey administration. Binge drinkers were defined as current drinkers who reported consuming 5 or more alcoholic drinks in a row (ie, within a couple of hours) during the 30 days before survey administration. Nonbinge drinkers were students who identified themselves as current drinkers but did not report consuming 5 or more alcoholic drinks in a row during the past 30 days.
Analyses were conducted using SAS, version 9.2 (SAS Institute, Inc) to account for the complex survey design and to produce estimates that were representative of Michigan's high school student population. Prevalence estimates with 95% confidence intervals were calculated. Pearson's χ 2 was used to test for differences in the prevalence of beverage-specific alcohol consumption between groups defined by various demographic factors (ie, sex, grade, and race/ethnicity) and by drinking patterns (eg, drinking frequency, drinking intensity, usual place of consumption, usual alcohol type consumed, usual liquor type consumed, mixing alcohol and energy drinks).
Results
Overall, 34.2% of Michigan high school students reported current alcohol use; 20.8% of students were binge drinkers (Table 1) . Binge drinking prevalence was higher in each successive grade, ranging from 14.3% among 9th-grade students to 35.9% among 12th-grade students. However, there were no significant differences in binge drinking prevalence by sex or by race/ethnicity.
Among students who reported drinking in the past 30 days, binge drinkers had a significantly higher prevalence of drinking in someone else's home than did nonbinge drinkers (61.6% vs 44.0%; P < .001) and had more than 5 times the prevalence of drinking on 10 or more days in the past 30 days than nonbinge drinkers (24.4% vs 4.5%; P < .001) ( Table 2 ). Binge drinkers also PREVENTING CHRONIC DISEASE VOLUME 12, E194 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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had more than twice the prevalence of mixing energy drinks with alcohol compared with nonbinge drinkers (49.0% vs 18.2%; P < .001).
Most Michigan high school students who drank alcohol reported usually consuming liquor (51.2%) ( Table 3 ). The prevalence of liquor consumption was slightly higher for binge drinkers (54.2%) than for nonbinge drinkers (46.9%). Liquor was the most frequently reported usual type of alcohol consumed by current drinkers across all demographic groups and drinking patterns and was reported by most students who reported mixing alcohol and energy drinks (52.7%). Girls reported a significantly higher prevalence of drinking flavored alcoholic beverages than boys (21.0% vs 8.1%; P < .001), whereas boys reported a significantly higher prevalence of drinking beer than girls (24.3% vs 11.1%; P < .001).
Other types of alcohol (wine and cordials) accounted for a small proportion (11.2%) of the usual type of alcohol consumed by Michigan high school students. Only 5.2% of current drinkers reported not having a usual beverage type.
Vodka consumption was reported by 37.3% of current drinkers, making it by far the most common type of liquor consumed by Michigan high school students (Table 4) . Vodka consumption was more common among binge drinkers (42.1%) than among nonbinge drinkers (30.7%) and was reported by almost half of the students who reported mixing alcohol and energy drinks. Vodka was the most common type of liquor consumed by current drinkers across all demographic groups, but it was somewhat more common among girls (42.8%) than boys (31.7%). Students who drank in someone else's home also had a significantly higher prevalence of vodka consumption (49.7%) than those who usually drank in their own home (30.9%) or at some public place (30.9%). However, the prevalence of vodka consumption by current drinkers did not vary significantly by drinking frequency (the number of drinking days) or intensity (the largest number of drinks consumed on 1 occasion). Rum consumption was somewhat more common among boys than girls (15.4% vs 7.8%), as was the consumption of whiskey (13.0% vs 4.4%,). However, the prevalence of tequila consumption did not vary significantly by sex.
Vodka was the most common liquor type among those who reported usually consuming liquor in the past 30 days (53.0%). Girls who reported usually consuming liquor had a higher prevalence of vodka consumption (60.3%) than boys (44.8%), but the difference between the 2 was not significant (data not shown).
Discussion
To our knowledge, this is the first study to use the YTS to assess the types of alcohol consumed and the mixing of alcohol with energy drinks by high school students in a state. We found that more than half of the Michigan high school students who drank alcohol consumed liquor and that approximately half of the students who drank liquor usually consumed vodka. Liquor consumption was also associated with other dangerous drinking behaviors, including binge drinking and the mixing of alcohol and energy drinks. This finding is concerning because binge drinking increases the risk of alcohol-attributable harms, including sexual assault, and mixing of alcohol and energy drinks can increase binge drinking intensity, further increasing the risk of alcohol-attributable injuries and alcohol poisoning (15).
The finding that liquor is the usual type of alcohol consumed by Michigan high school students who drink is consistent with the findings of other studies (10-13). This is likely due to the fact that liquor has a higher alcohol concentration, is more portable and easily concealed than other alcoholic beverages, and can easily be mixed with other beverages, thereby making liquor more palatable to youth (16). Youth exposure to alcohol advertising in the United States increased by 71% from 2001 through 2009, largely because of an increase in liquor advertising on television (17), and youth exposure to alcohol advertising is associated with both the initiation of alcohol consumption by youth and the amount consumed per drinking occasion (18). The high prevalence of vodka consumption among high school students who drank liquor is also consistent with the reported increase in vodka sales in the United States and in Michigan (19,20), which has likely made vodka more accessible to youth, as well, particularly given that most high school students obtain the alcohol they consume from someone else (10).
The high prevalence of mixing liquor, such as vodka, with energy drinks, particularly among binge drinkers, is especially concerning because caffeine can mask some of the sensory cues that alert drinkers to their level of intoxication. This may lead youth to binge drink at higher intensity levels, increasing the risk of alcohol-attributable harms, including alcohol poisoning, motor vehicle crashes, and sexual assault (21). In fact, one study involving college students found that those who mixed energy drinks and alcohol were twice as likely to report being hurt or injured, riding in a car with an intoxicated driver, or requiring medical treatment than those who did not mix energy drinks and alcohol, even after adjusting for the amount of alcohol consumed (15).
Although liquor consumption was common among all Michigan high school students who were current drinkers, girls were somewhat more likely than boys to report consuming liquor. This is particularly concerning because women tend to achieve higher blood alcohol concentrations than men at the same consumption level, even taking into account differences in body size, food con-PREVENTING CHRONIC DISEASE VOLUME 12, E194 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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www.cdc.gov/pcd/issues/2015/15_0290.htm • Centers for Disease Control and Preventionsumption, and other factors, thus increasing the risk of their experiencing alcohol-attributable harms, including unintended and alcohol-exposed pregnancies and adverse reproductive outcomes (22). These data highlight the need for additional and targeted efforts to prevent binge drinking among girls, including increased efforts to monitor and reduce youth exposure to alcohol marketing, particularly given that underage girls are overexposed to alcohol marketing relative to women to an even greater extent than underage boys are overexposed to alcohol marketing relative to men (23).
This study also demonstrated the potential usefulness of the YTS for assessing alcohol consumption among high school students. Although primarily focused on tobacco consumption among youth, the YTS has the flexibility to accommodate state-added questions on alcohol consumption, including questions on beverage-specific alcohol consumption, and is relatively inexpensive to administer. Furthermore, the collection of alcohol information in the YTS facilitates public health surveillance by providing a more specific assessment of the relationship between alcohol consumption and smoking by youth, including the potential impact of tobacco control measures and alcohol interventions on the drinking and smoking behaviors of high school students.
The results are subject to at least 7 limitations. First, this study assessed only the alcohol consumption patterns of Michigan students in 9th through 12th grade; therefore, these findings may not be generalizable to high school students in other states. Second, the YTS sample population was not large enough to assess significant differences between the demographic characteristics of liquor drinkers by type of liquor consumed (eg, vodka, rum, whiskey). Third, the YTS sample includes only students in public high schools, and although more than 90% of Michigan youth attend public schools, the results may not be representative of those who attend private or other nonpublic schools or students who do not attend school; previous research has demonstrated that students who attend alternative schools may have even higher rates of alcohol use than public school students (24). Fourth, all prevalence estimates are based on self-report, which are likely to underestimate alcohol consumption because of social desirability and recall biases (25). Fifth, about one-third of Michigan public high schools declined to participate in the YTS. The exclusion of the students in these schools from the survey may have affected the representativeness of the survey findings. Sixth, the data in this study were collected in 2011, and usual beverage consumption may have changed since then. However, liquor has consistently been reported to be the usual type of alcohol consumed by high school students in other studies (10-13), and it therefore seems unlikely this has changed since 2011. Finally, the definition of binge drinking that was used in the YTS (ie, 5 or more drinks within a couple of hours) was not sex-specific (26), and studies among women have shown that reducing the threshold for defining binge drinking from 5 drinks to 4 drinks increases the relative prevalence of binge drinking by more than one-third (27).
This study shows that current drinking, particularly binge drinking, by high school students in Michigan remains a serious public health problem and that high school students who drink are most likely to drink liquor, particularly vodka. Surveillance on beverage-specific alcohol consumption among youth can be useful for planning prevention strategies that target specific beverage types (eg, retail access to liquor) (9-11). Furthermore, because alcohol taxes are beverage-specific, knowing the type of alcoholic beverage usually consumed by youth can help inform alcohol tax policies in states and communities to prevent underage drinking (9-11). The Task Force on Community Preventive Services recommends several population-level, evidence-based strategies for preventing excessive alcohol use, including underage drinking, that can help reduce beverage-specific alcohol consumption by youth. These include increasing alcohol excise taxes, regulating alcohol outlet density, establishing commercial host liability, enhanced enforcement of the age 21 minimum legal drinking-age (eg, through compliance checks in which minors or youthful-looking adults attempt to purchase alcohol from retail establishments), and avoiding privatization of alcohol sales (28). Previous research has demonstrated that teenagers and young adults are especially responsive to increases in the price of alcohol (29). Improved compliance with the voluntary industry threshold for the placement of alcohol advertising in television programs and in other media venues (ie, 28.4% youth audience composition), particularly advertising that is placed on cable nonsports television programs, could also help reduce the risk of underage drinking (30). Finally, states can routinely assess beverage-specific alcohol consumption using the YTS and use these data to help guide efforts to reduce youth exposure to alcohol marketing. For example, the Michigan Department of Health and Human Services has worked closely with state and local coalitions to collect and report information on excessive alcohol use and related harms and to develop a statewide plan to reduce underage drinking. PREVENTING CHRONIC DISEASE VOLUME 12, E194 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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Abbreviation: CI, confidence interval. a Survey question to assess usual types of alcohol was, "During the past 30 days, what type of liquor did you usually drink? (Select only one response)". b Nonbinge drinkers were defined as students who had at least 1 drink of alcohol on at least 1 day during the 30 days before the survey, but did not report binge drinking. c Binge drinkers were defined as students who had 5 or more drinks of alcohol in a row within a couple of hours on at least 1 day during the 30 days before the survey. d Other place was defined as bar or restaurant; while riding or driving in a car; at a park, beach, concert, or sporting event; or on school property.
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